Hepatocellular carcinoma (HCC) remains an intractable disease despite numerous advancements made in the available treatments over recent decades. Therefore, investigation of the underlying pathogenesis of HCC is urgently required. Our previous microarray result showed that SCIN was generally downregulated in 23 paired tumor/normal tissues. Reverse transcription-quantitative PCR, western blotting and immunohistochemistry were performed in the present study in order to detect the expression of scinderin (SCIN). Lentivirus-mediated gene delivery was used in order to produce SCIN-manipulated cell lines. MTT and crystal violet assays were performed in order to investigate cell growth, and fluorescence-activated cell sorting analysis was used in order to determine cell cycle distribution. SCIN was downregulated in HCC samples, and low SCIN expression predicted the poor prognosis of patients with HCC. Notably, SCIN may have the potential to serve as an independent risk factor for overall survival (3-year overall survival rate of 28.6 and 10.3% in high SCIN expression and low SCIN expression groups, respectively) and disease-free survival (3-year recurrence rate of 71.4 and 84.6% in high SCIN expression and low SCIN expression groups, respectively) in HCC. SCIN inhibited HCC cell proliferation both in vitro and in subcutaneous tumor formation assay. Furthermore, SCIN decreased the levels of phosphorylated STAT3, thereby downregulating cyclin A1 levels in HCC cells. The results of the present study demonstrate the tumor suppressive role of SCIN in HCC, providing a candidate strategy to treat this disease.
Introduction
Hepatocellular carcinoma (HCC) is the third most frequent cause of cancer-associated mortality worldwide (1) . There is a high incidence in East and South East Asia, which is associated with the prevalence of hepatitis B virus in these regions (2) . Surgical resection remains the principle choice of treatment for patients with preserved liver function; however, 60-70% of patients develop metastasis and recurrence within 5 years of surgery or transcatheter arterial chemoembolization (3) . Although several clinicopathological features, including poor differentiation status, large-sized tumors and portal venous invasion, have been demonstrated to contribute to the poor prognosis of patients with HCC prior to surgery (4) , the molecular mechanisms underlying the development of HCC remain unknown. Thus, it is critical to uncover the pathogenesis of HCC.
Scinderin (SCIN) is a calcium-dependent actin filament serving and capping protein that belongs to the gesolin superfamily (5) . Previous studies have demonstrated that SCIN regulates vesicle transport and exocytosis in endocrine and secretory cells by organizing the cytoskeleton (6, 7) . SCIN can also regulate cell differentiation through the MAP kinases P38 and ERK1/2-mediated signaling pathways (8, 9) . The dysregulation of SCIN has been reported in several types of cancer, but these reports have not been consistent. In lung and prostate cancer cell lines, SCIN-knockdown was demonstrated to inhibit cell proliferation (10, 11) , and SCIN was overexpressed in gastric cancer (12) . SCIN-knockdown in gastric cell lines decreased the metastatic ability of these cells (13) . These results suggest that SCIN may function as an oncogene. However, in megakaryoblastic leukemia and acute myeloid leukemia, SCIN was downregulated, and overexpression of SCIN in leukemia cell lines was demonstrated to inhibit cell proliferation (8, 14) . Furthermore, SCIN was demonstrated to be weakly expressed in head and neck cancer, and its expression could not predict prognosis (15) . Thus, the function of SCIN in cancer remains under debate.
The present study examined the expression pattern of SCIN in HCC and investigated the exact function of this protein in HCC cells. Key molecules influenced by SCIN were also detected.
Materials and methods
Patients and specimens. Fresh tumor tissue samples and paired non-cancerous liver tissue samples of 12 patients with HCC were obtained following hepatectomy at the Eastern Hepatobiliary Hospital (Shanghai, China) between March 2016 and May 2016. A total of 60 paraffin-embedded HCC samples were also collected from the Eastern Hepatobiliary Hospital, between March 2005 and August 2007. Patients were aged between 29 and 70 years (mean age, 48 years). There were 51 men (85%) and 9 women (15%). The key inclusion criteria were as follows: HCC diagnosed by biopsy or by the non-invasive criteria of the European Association for the Study of Liver guidelines (16) . The key exclusion criteria included patients with a history of other malignancies in the past 5 years. A tissue microarray (TMA) was created from these samples. Western blot assays were performed in order to confirm the specificity of SCIN staining in the fresh HCC tissues and paired non-cancerous liver tissues, and in the SK-HEP-1 and YY-8103 cell lines. The patients had not received radiotherapy or chemotherapy prior to surgical treatment. The clinical and pathological data of the 60 patients with HCC were collected. Clinical follow-up information was obtained by telephone or from the outpatient records.
The present study was approved by the Medical Ethics Committee of Eastern Hepatobiliary Surgery Hospital and all patients provided written informed consent prior to the study. Participants were recruited and experiments were conducted in the Eastern Hepatobiliary Surgery Hospital.
Cell culture conditions Cell culture. The HCC cell lines YY-8103, SK-HEP-1, QGY, MHCC97-H, Huh7 and 293T were purchased from The Cell Bank of Type Culture Collection of the Chinese Academy of Sciences. CSQT-2 was established in our laboratory as previously described (17) . The cells were maintained in DMEM (Gibco; GE Healthcare Life Sciences) supplemented with 10% fetal bovine serum (ExCell Bio), penicillin (100 U/ml) and streptomycin (100 U/ml) at 37˚C in a humidified 5% CO 2 atmosphere.
Western blot analysis. Total protein was extracted from SK-HEP-1 and YY-8103 cells and HCC tissue samples using RIPA buffer with protease inhibitor (Sigma-Aldrich; Merck KGaA), and protein concentrations were determined via the Bradford method. Proteins (30 µg) were separated by 10% SDS-PAGE, and subsequently transferred onto polyvinylidene difluoride membranes (EMD Millipore). The membranes were blocked for 1 h at room temperature with 5% non-fat milk in TBST solution, prior to incubation with the primary antibody anti-SCIN (1:1,000; cat. no. HPA024264; Sigma-Aldrich; Merck KGaA), anti-cyclin A1 (1:1,000; cat. no. 556600; BD Pharmingen; BD Biosciences), anti-STAT3 and anti-pSTAT3 (Tyr705) (1:1,000; cat. nos. 4904S and 9145S, respectively; Cell Signaling Technology, Inc.) overnight at 4˚C. Membranes were washed three times with TBST, and were incubated with the horseradish peroxidase-conjugated secondary antibodies anti-rabbit IgG and anti-mouse IgG (1:1,000; cat. nos. 7074 and 7076, respectively; Cell Signaling Technology, Inc.) for 1 h at room temperature. Membranes were re-washed with TBST three times, and protein bands were subsequently visualized using an enhanced chemiluminescence system (cat. no. 32209, Pierce™ ECL; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol (18) . Protein expression was quantified using ImageJ 1.8 software (National Institutes of Health), and the number under each band was calculated as the result divided by GAPDH.
Vector construction and transfection. The pHAGE-EF1a-IRES-GFP vector, which was a gift from Chenqi Xu at the Shanghai Institute of Biochemistry and Cell Biology, CAS, was used in order to generate the overexpression virus in 293T cells. The SCIN short hairpin (sh)-RNA plasmid was purchased from GeneChem Biotechnology. Fluorescence-activated cell sorting (FACS) was used in order to enrich green fluorescent protein (GFP)-positive cells.
In order to establish stable cell lines, the pHAGE-EF1a-IRES-GFP empty vector was used as the control for SCIN overexpression and a plasmid containing a scrambled sequence (5'-CCT AAG GTT AAG TCG CCC TCG CTC GAG CGA GGG CGA CTT AAC CTT AGG-3'; cat. no. 1864; Addgene) was used as the control for SCIN-knockdown. In order to produce the lentivirus, 293T cells were transfected with the aforementioned core plasmids, along with the packaging plasmids psPAX2 and pMD2.G (cat. nos. 12260 and 12259, respectively; Addgene) at a ratio of 12:8:4 µg and the Lipofectamine ® 2000 transfection reagent (Thermo Fisher Scientific, Inc.). Viruses were harvested at 72 h post transfection (medium was refreshed every 24 h). Transfection of HCC cells was performed in 6-well plates with polybrene at a final concentration of 2.5 µg/ml for 24 h. Cells were sorted for GFP signals by FACS using FACSAria (Beckman Coulter, Inc.). Overexpression and knockdown efficacies were demonstrated by western blot analysis.
Reverse transcription-quantitative PCR (RT-qPCR) analysis (19) . Total RNA from tissues was extracted using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA was reverse transcribed to cDNA (cat. no. A3500; Promega Corporation). qPCR was subsequently performed using the CFX96 Real-Time System (Bio-Rad Laboratories, Inc.), and the SYBR ® Green 26 Master mix (Invitrogen; Thermo Fisher Scientific, Inc.) was used in a total reaction volume of 10 µl. The PCR procedure was as follows: 95˚C for 7 min; 95˚C for 5 sec, 60˚C for 30 sec (data collection), 60˚C for 30 sec, 40 cycles; 60-95˚C (data collection), 20˚C for 10 sec. The primers used were as follows: SCIN forward, 5'-CGA GGC TTC ACC TAC CA-3' and reverse, 5'-CAC TCT ACG ACC CTT CAC A-3'; and actin (reference gene) forward, 5'-GAT CAT TGC TCC TCC TGA GC-3' and reverse, 5'-ACT CCT GCT TGC TGA TCC AC-3'.
Immunohistochemistry (IHC). IHC staining was performed as previously described (20) . All sections (including TMA) were deparaffinized with xylene at 65˚C for 30 min and at room temperature for 20 min, and rehydrated in a descending ethanol series. Subsequently, the 10-µm sections were submerged in EDTA antigenic retrieval buffer (pH 8.0) and microwaved in boiling water for 20 min for antigenic retrieval. Tissue sections were incubated with 0.3% H 2 O 2 at room temperature for 15 min to inhibit endogenous peroxidase activity and subsequently blocked with 1% normal goat serum (cat. no. 5425; Cell Signaling Technology, Inc.) at room temperature for 30 min in order to decrease non-specific binding. Tissue sections were incubated with rabbit polyclonal anti-SCIN antibody (1:200; cat. no. HPA024264; Sigma-Aldrich; Merck KGaA) overnight at 4˚C. Following three washes with TBS, sections were incubated with horseradish peroxidase-linked anti-rabbit antibody (1:200; cat. no. 7074; Cell Signaling Technology, Inc.) for 30 min at 37˚C. The slides were subsequently stained with 3,3'-diaminobenzidine. Images were captured at x40 and x200 magnification using a light microscope (BX61; Olympus Corporation).
The stained tissue sections were scored independently by two pathologists blinded to the clinical parameters, and the final score was the average of the scores recorded by the two observers. The present study used the intensity and extent of staining in order to evaluate SCIN expression. The staining intensity was scored as follows: 0, no staining; 1, weak staining exhibited as light yellow; 2, moderate staining exhibited as yellow/brown; and 3, strong staining exhibited as brown. The extent of staining was scored according to the percentages of the positively stained areas as follows: 0, 0; 1, 1-25; 2, 26-50; 3, 51-75; and 4, 76-100%. The product of the intensity score multiplied by the extent score was used as the final staining H-score (0-12) for SCIN. For the purpose of statistical evaluation, tumors with an H-score of <6 were classified into the low SCIN expression group and those with an H-score of ≥6 were classified into the high SCIN expression group.
Colony formation assay. For the colony formation assay, SK-HEP-1 and YY-8103 cells were seeded into 6-well plates at a density of 1,000 cells/well and cultured for 7 days. Subsequently, the cells were fixed with 10% methanol at room temperature for 10 min and stained with 1% crystal violet at room temperature for 1 min. The experiment was performed in triplicate for each group of cells. Images were captured at x40 and x100 magnification using an inverted light microscope (IX71; Olympus Corporation).
MTT assay. SK-HEP-1 and YY-8103 cells were seeded into 96-well plates at a density of 500 cells/well. Every 24 h of the subsequent 5 days, cells were incubated with 0.2% MTT solution (cat. no. A600799; Sangon Biotech Co. Ltd.) for 4 h at 37˚C. Following the MTT incubation, the purple formazan crystals were dissolved in 200 µl of DMSO (cat. no. A100231; Sangon Biotech Co., Ltd.) and cell proliferation was subsequently analyzed at a wavelength of 490 nm.
Cell cycle analysis. Cell cycle progression was analyzed by flow cytometry. SK-HEP-1 and YY-8103 cells at ~70% confluence were washed three times with PBS and fixed with 75% ethanol at 4˚C overnight. Subsequently, the cells were stained with propidium iodide and RNase overnight at 4˚C. Samples were analyzed using the Cell Lab Quanta Flow Cytometer (Beckman Coulter, Inc.).
Tumor formation in an animal model. An equal number of SK-HEP-1 and YY-8103 cells (1x10 6 cells) were injected subcutaneously into the left and right flanks of nine male, 5-week old, nude mice (weight, 15-17.5 g; Shanghai SLAC Laboratory Animal Co., Ltd.), respectively. Mice were housed with free access to regular chow diet under specific pathogen-free conditions in laboratory cages at 23±3˚C at 35±5% humidity under a 12-h dark/light cycle. The tumorigenesis procedure was recorded by measuring solid tumors in 3 dimensions with a caliper for 4 weeks. Animals were sacrificed 4 weeks after the injection. The maximum tumor volume presented was 103.68 mm 3 . The experiments on mice were approved by the Ethics Committee of Eastern Hepatobiliary Surgery Hospital.
Statistical analysis. Statistical analyses were performed using SPSS software (version 19.0; IBM Corp.). The significance of SCIN mRNA levels was determined using Student's t-test. The χ 2 test was used in order to analyze the association between SCIN expression and clinicopathological characteristics. Survival times were evaluated using Kaplan-Meier survival curves, and differences in survival were analyzed using the log-rank test. The significance of variables for survival was analyzed by multivariate survival analysis using Cox's regression model. P<0.05 was considered to indicate a statistically significant difference.
Results

SCIN is downregulated in human HCC.
In order to determine the expression pattern of SCIN in HCC tissues, the present study detected mRNA expression in 48 paired HCC tissues and their normal counterparts via RT-qPCR. The results demonstrated that SCIN was downregulated in 39 out of 48 of the paired tissues ( Fig. 1A) . In order to verify this result, the SCIN protein level was examined in the 12 HCC tissues and the respective non-cancerous tissues. A lower SCIN protein level was consistently observed in 10 out of the 12 paired HCC tissues (Fig. 1B) . These results prompted the assessment of the clinical outcome of SCIN downregulation. In order to achieve this, a TMA comprised of the 60 paired HCC tissues and respective normal counterparts was stained using the standard IHC method. While the signal for SCIN was considered strong in peri-tumor normal hepatocytes, less signals were observed in the HCC tissues (Fig. 1C) . The TMA was subsequently analyzed and the signal was reflected via the H-score.
The results of the present study demonstrated that SCIN was significantly downregulated in HCC tissues compared with normal tissues (the average H-score for the normal tissue group was 7.4 vs. 4.2 for the HCC group; P<0.0001; Fig. 1D ). Thus, the results of the present study suggest that SCIN is downregulated in HCC.
SCIN expression is associated with clinicopathological features and predicts prognosis. Next, the association between SCIN expression and clinical features was analyzed using the TMA data. Patients were divided into two groups according to the H-score for their HCC tissues (patients with H-scores <6 were categorized into the low SCIN expression group, n=39; patients with H-score ≥6 were categorized into the high SCIN expression group, n=21). The results of the present study demonstrated that SCIN expression was significantly associated with tumor size (Table I) ; however, no significant associations were observed between SCIN expression and lymph node (LN) metastases, cirrhosis, age or microvascular invasion (MVI). The association between SCIN expression and the survival and recurrence status for the 60 patients was subsequently analyzed. The results revealed that SCIN expression was significantly decreased in patients with recurrence compared with patients without recurrence (Fig. 1E) . Furthermore, the low SCIN expression group demonstrated a shorter overall survival (OS) time (χ 2 =4.38; P=0.03; Fig. 1F ), as well as a shorter disease-free survival (DFS) time (χ 2 =3.96; P=0.046; Fig. 1G Table II ]. In order to further assess whether SCIN expression could serve as an independent risk factor for both OS and DFS in HCC, the Cox proportional hazards model was implemented in the present study. Factors included in this model were as follows: Sex, age, tumor size, serum α-fetoprotein (AFP), serum HBsAg, serum CA199, encapsulation, liver cirrhosis, tumor number, SCIN expression, LN metastases and MVI. SCIN and MVI were found to be associated using Cox analysis (Tables III and IV) .
The results indicate that SCIN expression has the ability to serve as an independent prognostic factor, affecting both DFS and OS in HCC. SCIN expression has a notable association with the good prognosis of patients with HCC and thus could serve as an independent risk factor for survival.
SCIN suppresses HCC cell proliferation.
The present study utilized gene manipulation mediated by lentivirus in order to assess the function of SCIN in HCC cells. SCIN expression in six HCC cell lines was determined ( Fig. 2A) . In order to investigate the role of SCIN in HCC cells, the present study overexpressed SCIN in SK-HEP-1 cells, which exhibited low endogenous SCIN levels, and knocked down SCIN expression in YY-8103 cells, which manifested high endogenous SCIN levels (Fig. 2B ). Considering that SCIN expression was inversely associated with tumor size clinically, the present study subsequently examined the proliferative ability of these cells via MTT assays. The results of the present study demonstrated that while overexpression of SCIN in SK-HEP-1 cells inhibited cell proliferation, SCIN knockdown in YY-8103 cells promoted cell proliferation (Fig. 2C ). Consistent with these results, the present study demonstrated that while SCIN overexpression in SK-HEP-1 cells decreased the colony-formation ability of these cells, its inhibition increased the colony-formation ability in YY-8103 cells (Fig. 2D) . Overall, the results of the present study suggest that SCIN suppresses HCC cell proliferation in vitro.
In order to further investigate the role of SCIN, in vivo experiments were performed in the present study. YY-8103 shSCIN and shcon cells were injected subcutaneously into the left and right flanks of the six nude mice. SCIN-knockdown tumors grew faster than those in the control group (Fig. 3A) .
After 4 weeks, the mice were sacrificed and all the tumors were weighed. The results demonstrated that the tumors in the shSCIN group were significantly heavier (P<0.001; Fig. 3B ) and larger (Fig. 3C ) than those in the control group. Consistently, SCIN overexpression in SK-HEP-1 cells inhibited the in vivo tumor formation ability (Fig. 3D and E) . The tumor lengths and volumes for all groups are presented in Table V . Overall, the results of the present study suggest that SCIN promotes tumorigenesis in vivo.
SCIN expression arrests cells in the S/G 2 phase, and downregulates pSTAT3 and cyclin A1.
The present study performed FACs in order to analyze the cell cycle distribution in SCIN-manipulated cells, to better understand how SCIN inhibits cell proliferation. The results of the present study demonstrated that SCIN overexpression in SK-HEP-1 cells markedly increased the number of cells in the S phase (from 25.6-42.0%) and decreased the number of cells in the G 2 phase (from 17.5-5.2%) (Fig. 4A) , indicating that SCIN expression results in cell cycle arrest in the S/G 2 phase. Similarly, Table I . Association between SCIN expression and clinicopathological features of patients with hepatocellular carcinoma. 
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in the number of cells in the S phase and an increase in the number of cells in the G 2 phase (Fig. 4B) . Thus, the results of the present study indicate that cells are arrested in the S/G 2 transition following SCIN expression.
As the cell cycle is regulated by cyclins (21), the present study examined whether the expression of cyclins was altered following SCIN overexpression or knockdown. The results of the present study demonstrated that while SCIN overexpression downregulated cyclin A1, the protein level of cyclin A1 increased following SCIN knockdown (Fig. 4C) . As SCIN is associated with F-actin, which is localized in the cell periphery (8, 10) , there may be oncogenic signaling pathways influenced by SCIN, which could regulate cyclin A1 expression. In order to investigate this, the present study assessed changes in some oncogenic molecules and demonstrated that the phosphorylation of signal transducer and activator of transcription 3 (STAT3) was inversely associated with cellular SCIN levels ( Fig. 4D and E) . These observations indicate that cyclin A1 and phospho-STAT3 are negatively regulated by SCIN.
Discussion
SCIN has been reported to possess an oncogenic role in several types of solid tumor by promoting tumor cell proliferation and invasion (10, 12) . In certain types of leukemia, SCIN has been demonstrated to be downregulated and its expression associated with the induction of cell differentiation (8, 14 required in order to verify these hypotheses. As the number of cases in the present study was limited, the association between SCIN expression and HCC requires further evaluation. Longer follow-up studies are required in order to further investigate the significance of SCIN in HCC.
HCC is one of the many types of cancer closely associated with inflammation and infection (23) . One feature of HCC development is continuous hepatocyte death followed by inflammatory infiltration and liver regeneration (24) . The IL6/STAT3 signaling pathway is a notable pathway involved in the death-inflammation-regeneration process (25) . Universal STAT3 activation in HCC has previously been reported in a number of studies (26, 27) , whereby patients exhibiting STAT3 activation tend to have a poor prognosis. The present study demonstrated that SCIN could negatively regulate the activation of STAT3, which underlined the regulation of this molecule. Although the present study failed to clarify the molecular mechanisms by which SCIN deregulates STAT3 activation, it was hypothesized that SCIN may modulate some aspects of upstream receptors or Janus kinases considering that SCIN is associated with F-actin, which in turn is closely associated with membrane receptors in space (28, 29) . Thus, further studies are required in order to demonstrate STAT3 regulation via SCIN.
The results of the present study demonstrated that SCIN has the ability to regulate cyclin A1 protein levels in HCC cells. In the cell cycle process, cyclin A1 is present at very low levels during the G 0 phase; it increases throughout the progression of the cell cycle and reaches peak levels in the S phase and during the G 2 /M phase (30) . The results of the present study demonstrated that SCIN has the ability to induce cell cycle arrest, which increased the percentage of cells in the S phase and inhibited entry into the G 2 phase. This phenotype may be explained by the influence of SCIN on cyclin A1 expression; however, the association between SCIN and cyclin A1 may be indirect as SCIN is not a transcription factor. Thus, some signaling pathways may mediate cyclin A1 expression via SCIN.
Overall, the present study demonstrated that SCIN expression was downregulated in HCC and that SCIN functioned to suppress the proliferation of HCC cells, which may be mediated by cyclin A1 and STAT3, suggesting that SCIN may be a tumor suppressor gene in HCC. Furthermore, SCIN may serve as a valuable prognostic marker, as well as a potential therapeutic target for HCC.
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